INTRODUCTION
Non-small cell lung cancer (NSCLC), which comprises approximately 87% of newly diagnosed lung cancers, is the most common malignancy and the leading cause of cancer-related death in many countries, including Korea [1, 2] . About 70% of patients with NSCLC are diagnosed with advanced disease [3, 4] . Despite advances in palliative chemotherapy, the prognosis of patients with advanced NSCLC remains very poor, with a median survival of 8 to 12 months [4] [5] [6] . However, since epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs) have become standard practice as first-line palliative chemotherapy in patients with EGFR mutation-positive advanced NSCLC [7] , based on the discovery that EGFR activating mutations are closely related to high sensitivity to EGFR-TKIs [8] [9] [10] , patients treated with EGFR-TKIs show significantly improved clinical outcomes compared with those who receive standard cytotoxic chemotherapy [11] [12] [13] . This finding has strong Department of HematologyOncology, Ajou University School of Medicine, Suwon, Korea
An exon 19 deletion and a L858R mutation in exon 21 of the epidermal growth factor receptor (EGFR) are the two most common mutations that predict favorable efficacy of EGFR tyrosine kinase inhibitors (TKIs) in patients with non-small cell lung cancer (NSCLC). Many retrospective and prospective studies, as well as meta-analyses including patients with NSCLC with various lines of EGFR TKI treatment, have demonstrated longer progression-free survival and sometimes more favorable overall survival in patients with an exon 19 deletion than those with the L858R or other mutations. In contrast, some clinical studies, including phase III trials, have demonstrated no difference in the efficacy of EGFR TKIs according to the EGFR mutation type. Therefore, the existence of clinically significant differences in sensitivity to EGFR-TKIs among different EGFR mutation subtypes remains controversial. In this review, we summarize the evidence suggesting different outcomes according to the type of EGFR mutation in patients with advanced NSCLC who were treated with EGFR-TKIs, along with their clinical significance. We also discuss possible mechanisms that can explain the different sensitivities to EGFR TKIs between cases with an exon 19 deletion and those with the L858R mutation. [14] .
Keywords
The existence of a clinically meaningful difference in the sensitivity to EGFR TKIs among several types of EGFR activating mutations is controversial. For example, an early tumor xenograft study compared EGFR TKI sensitivity between the two most common types of EGFR mutations and showed higher sensitivity to erlotinib in tumor cells harboring the exon 19 deletion than in those harboring the L858R mutation [15] . Several clinical studies on EGFR-TKI treatment demonstrated longer progression-free survival (PFS) and/or overall survival (OS) in patients with the exon 19 deletion than those with the L858R mutation [16] [17] [18] [19] [20] [21] [22] . However, in other studies, including phase III trials, no significant differences were noted in the efficacy of EGFR TKIs for different types of EGFR mutations [11, 12, [23] [24] [25] [26] . In this review, we summarize the evidence that supports differences in outcomes according to the type of EGFR mutation in patients with NSCLC who received EGFR-TKI treatment. We also discuss the clinical relevance of these differences, as well as in vitro experimental data that point to possible mechanisms to explain the different sensitivities of the exon 19 deletion and L858R mutation to EGFR-TKIs.
COMPARISON OF CLINICAL OUTCOMES IN PATIENTS WITH THE EGFR EXON 19 DELETION AND L858R MUTATION FOLLOWING EGFR TKI THERAPY
Many studies have analyzed clinical differences between the EGFR exon 19 deletion and the L858R mutation in patients with advanced NSCLC treated with EGFR TKIs. In 2006, Riely et al. [17] and Jackman et al. [16] separately reported that median PFS (12 months vs. 5 months, p = 0.01; 24 months vs. 10 months, p = 0.04) and OS (34 months vs. 8 months, p = 0.01; 38 months vs. 17 months, p = 0.04) were significantly longer in patients with the EGFR exon 19 deletion than in those with the L858R mutation following treatment with gefitinib or erlotinib. However, these studies retrospectively analyzed a relatively small number of patients (< 40) who had received different lines of these two EGFR-TKIs. In contrast, at the same time, four prospective phase II trials that included patients treated with first-line gefitinib therapy showed no differences in the response rate (RR) among patients with NSCLC harboring different EGFR mutation subtypes [24] [25] [26] [27] . Nonetheless, these clinical trials also included a relatively small numbers of patients with EGFR mutations and did not report PFS or OS according to the EGFR mutation subtype.
In 2009, Rosell et al. [21] reported the first large-scale prospective analysis demonstrating different clinical outcomes between the two activating mutations in patients with NSCLC receiving erlotinib. In that study, 113 of 217 patients with EGFR mutations received erlotinib as first-line therapy. The RR (odds ratio, 3.08; p = 0.001) was significantly higher in patients with the EGFR exon 19 deletion, and the PFS (hazard ratio [HR], 1.92; p = 0.02) and OS (HR, 2.98; p = 0.002) was significantly shorter in patients with the L858R mutation. However, in 2010, two Japanese phase III trials compared first-line gefitinib with standard platinum-based doublet chemotherapy but reported no difference in PFS between patients with the exon 19 deletion and those with the L858R mutation who were treated with gefitinib [11, 12] . In contrast, at the same time, two Korean retrospective studies designed to compare the clinical outcomes of patients with these two mutations demonstrated a significantly longer PFS for patients with the exon 19 deletion than those with the L858R mutation following treatment with gefitinib or erlotinib as first-or more lines of therapy [18, 19] .
Several reports support the clinical differences between EGFR mutation subtypes, but no prospective study has been specifically designed to clarify the different clinical efficacy of TKIs according to EGFR mutation subtype. Instead, four meta-analyses have compared the efficacy of EGFR TKIs among patients with advanced NSCLC and the exon 19 deletion or L858R mutation. In 2014, Wang et al. [28] analyzed 22 studies including 1,082 patients who received EGFR TKIs (gefitinib or erlotinib). PFS (p = 0.01) and OS (p = 0.0001) were significantly longer for patients with the exon 19 deletion than those with the L858R mutation. However, that study analyzed data from heterogeneous clinical settings ranging from retrospective studies to prospective clinical trials and included different lines of EGFR TKI therapy. In addition, only three retrospective studies were used in the pooled OS analysis. In contrast, Zhang et al. [29] analyzed 13 studies that included six clinical trials or retrospective studies with EGFR-TKIs (e.g., gefitinib, erlotinib, or afatinib) as first-line therapy. An indirect meta-analysis of the six clinical trials revealed a longer PFS in patients with the exon 19 deletion than those with the L858R mutation (HR, 0.59; p = 0.019). A direct meta-analysis from another seven retrospective studies revealed a similar result (HR, 0.75; p < 0.001). However, OS data were not reported in this meta-analysis. A meta-analysis by Lee et al. [30] in 2015 analyzed only randomized trials comparing first-line EGFR TKIs with platinum-based combination chemotherapy. Treatment with EGFR TKIs provided a 50% greater benefit in patients with the exon 19 deletion than those with the L858R substitution in seven trials compared with chemotherapy. A multivariate analysis using individual patient data from the four trials revealed pooled HRs for PFS of 0.26 and 0.44 for the exon 19 deletion and L858R mutation subgroups, respectively, with a significant difference in the interaction analysis after adjusting for smoking status and sex (p = 0.004). They did not report the OS of the subgroups because the trials had yet to report mature OS data. The most recent meta-analysis used the largest dataset and included 4,835 patients from 26 trials. The authors reported a significantly longer PFS in patients with the exon 19 deletion than those with the L858R mutation (HR, 0.69; p < 0.001) [31] .
The available retrospective or prospective studies and meta-analyses appear to support the conclusion that EG-FR-TKIs have better efficacy, at least in terms of PFS, in patients with an exon 19 deletion than in those with the L858R mutation, including their use as first-line treatment. However, few reports have demonstrated differences in OS in patients with the exon 19 deletion compared with those with the L858R mutation after first-line EGFR-TKI treatment, although this is considered the standard of care for patients with advanced NSCLC and activating EGFR mutations. In 2011, a Korean phase II trial that included 45 patients with NSCLC treated with first-line gefitinib therapy revealed a significantly longer OS (24 months OS rate: 72.1% vs. 32.0%, p = 0.0148) in patients with the exon 19 deletion than those with the L858R mutation. However, no difference in PFS was reported (p = 0.068) [22] . Our recent retrospective study analyzing the outcomes of 60 patients with EGFR mutation-positive advanced NSCLC who received first-line gefitinib revealed significantly longer median PFS (20 months vs. 9 months, p = 0.030) and OS (36 months vs. 22 months, p = 0.002) in patients with the exon 19 deletion than those with the L858R mutation [32] . In addition, a multivariate analysis showed that the exon 19 deletion was an independent prognostic factor for a favorable PFS (p = 0.007) and OS (p < 0.0001).
The most recent meta-analysis showed a significantly greater benefit in terms of OS in patients with the exon 19 deletion than those with the L858R mutation (HR, 0.61; p = 0.005) [31] . However, the beneficial effect on OS for the exon 19 deletion was only significant in a mixedline setting (p = 0.005) and not in a first-line setting (p = 0.156). Furthermore, a combined analysis of two phase III trials (LUX-Lung 3 and LUX-Lung 6) comparing afatinib with cisplatin doublet chemotherapy as a first-line setting in EGFR mutation-positive lung adenocarcinoma (total 709 patients) showed a benefit of afatinib treatment on OS in patients with the exon 19 deletion (median OS: 31.7 months vs. 20.7 months, p = 0.0001) but not those with the L858R mutation (median OS: 22.1 months vs. 26.9 months, p = 0.16) [13] . This result suggests a better OS in patients with the exon 19 deletion than those with the L858R mutation, although OS was not directly compared between the two groups in the afatinib arm [13] . Table 1 summarizes the results of studies that compared the efficacy of first-line EGFR-TKI for advanced NSCLC in terms of PFS and/or OS according to EGFR mutation subtype.
POSSIBLE MECHANISMS TO EXPLAIN THE FA-VORABLE CLINICAL OUTCOMES IN PATIENTS WITH THE EGFR EXON 19 DELETION
The reason for the observed difference in outcome in patients with the EGFR exon 19 deletion and L858R mutation after treatment with EGFR-TKIs is not clear. The difference in efficacy of EGFR TKIs according to EGFR mutation subtype has been explained by some proposed mechanisms suggested by preclinical studies. Two molecular biology studies comparing the characteristics of wild and mutant EGFRs reported different affinities between TKIs and each EGFR mutation subtype [15, 33] . A study by Carey et al. [15] and EGFR del746-750. The ratio of the K i for erlotinib to the K M for ATP (K i /K M ), which estimates relative binding affinity of erlotinib to the EGFR kinase domain, was 137 and 23 times higher in the EGFR del746-750 subtype compared with that in the EGFR wild-type and L858R subtype, respectively [15] . A study by Mulloy et al. [33] determined the affinity between purified EGFR kinases and gefitinib by equilibrium fluorescence titration. The K d values for the wild-type, the L858R mutant, and the del747-753 mutant EGFR were 177.2 ± 6.9, 38.0 ± 7.8, and 13.6 ± 2.0 nM, respectively [33] . These in vitro kinetic assay data indicate a higher affinity of gefitinib and erlotinib for recombinant EGFR with the exon 19 deletion than that with the L858R mutation. However, the clinical relevance of this higher affinity remains to be established.
Some studies have shown differences in EGFR phosphorylation status and its downstream signaling before and after epidermal growth factor (EGF) or TKI treatment in cell lines expressing different EGFR mutations [34, 35] . For example, Okabe et al. [35] demonstrated different patterns of EGFR autophosphorylation in the Y1068 residue, a key residue representing activation status of EGFR in NSCLC cell lines, including primary cells from Japanese patients with NSCLC. EGFR autophosphorylation is ligand (EGF)-dependent in H1650 cells harboring the same exon 19 deletion, but is negative for EGFR amplification, whereas Y1068 (but not Y845 and Y1173) is constitutively phosphorylated in PC-9 and Ma-1 cells, which both show EGFR amplification. In contrast, NS-CLC cell lines harboring the L858R mutation exhibit ligand (EGF)-independent and constitutive phosphorylation of EGFR at Y845, Y1068, and Y1173, regardless of the absence or presence of EGFR amplification. That study focused on the Y1173 residue due to constitutive phosphorylation in cells with the L858R mutation but not in the exon 19 deletion.
The EGFR Y1173 residue is a major docking site for the adapter protein Shc [36] , so Shc phosphorylation was examined in cell lines with these two types of EGFR mutations. A markedly greater basal level of Shc phosphorylation was observed in cells harboring the L858R mutation than in those harboring the exon 19 deletion or wildtype EGFR. These investigators suggested that constitutively active mutant EGFR induces selective activation of downstream effectors as a result of differential patterns of receptor autophosphorylation. That study used several cell lines; however, cell lines established from different patients have genetic and epigenetic heterogeneities even though they have the same EGFR mutation subtype. In addition, EGFR and Shc phosphorylation status in the different EGFR subtypes was not examined in the presence or absence of EGFR-TKIs.
In contrast, Zhu et al. [34] did not use established NS-CLC cell lines but generated stable cell lines harboring each of the two mutations with 293 cells that originally did not express EGFR. They confirmed that proliferation of the 293-EGFR del746-750 and 293-EGFR L858R cell lines was similar in the absence of gefitinib, and that proliferation was inhibited more significantly in 293-EGFR del746-750 cells than in 293-EGFR L858R cells in the presence of gefitinib. The baseline level of autophosphorylation in the 293-EGFR del746-750 cells was not different from that in 293-EGFR L858R cells, which agreed with previous studies. However, gefitinib induced a more marked decrease in EGFR autophosphorylation at tyrosine residues 1173, 845, and 1045 and In addition to the results of these preclinical studies, it is worth considering that the EGFR exon 19 deletion is not a one-of-a-kind mutation. The most frequent type of exon 19 deletion mutation is del746-750, which comprises 64% of exon 19 mutations, followed by del747-753InsS, del747-75, del747-750InsP, del746-752In-sV, del747-752, and del746-751InsA. Among these, the most common mutation, del746-750, is reported to be slightly more sensitive to EGFR TKIs than the other variants [37, 38] . Some discrepancies exist between in vitro studies, but almost all exon 19 deletion mutants are generally more sensitive to EGFR TKIs than that of L858R mutants.
Moreover, a recent meta-analysis of 15 observational studies and three randomized controlled trials revealed that the EGFR-TKI resistant T790M mutation is more frequently encountered in pretreatment samples from patients with the L858R mutation than those with the exon 19 mutation [39] . This result suggests another possible mechanism to explain the better efficacy of EG-FR-TKI in deletion 19 patients.
Despite these studies, the mechanism for better efficacy to EGFR TKIs in patients with the exon 19 deletion than those with the L858R mutation remains controversial. Further basic and clinical studies are required to define the exact mechanism that leads to the difference in efficacy in these two common mutations.
CLINICAL RELEVANCE OF THE DIFFERENCES IN EFFICACY OF EGFR-TKIS ACCORDING TO EGFR MUTATION SUBTYPE
The different outcomes of patients with the EGFR exon 19 deletion versus those with the L858R mutation shown in many studies have several clinical implications. First, EGFR TKIs could be strongly recommended as first-line therapy for patients with advanced NSCLC, particularly those with the EGFR exon 19 deletion. Second, a more precise explanation can be provided to patients and their families regarding the prognosis after EGFR TKI therapy based on the patients' EGFR mutation subtype. Third, these studies suggest that EGFR mutation subtype should be considered a stratification factor in further clinical trials when evaluating the efficacy of EGFR TKIs [32] . Finally, although current guidelines categorize NSCLC with the EGFR exon 19 deletion and L858R mutation as one subtype and suggest the same EGFR TKI treatment, medical oncologists should carefully consider the type of EGFR mutation, not only in treatment decision making but also when designing clinical trials.
CONCLUSIONS
Several retrospective and prospective studies, as well as meta-analyses, have indicated a general association between the EGFR exon 19 deletion and more favorable outcomes in patients receiving EGFR TKI treatment compared with patients with the L858R mutation, particularly in terms of PFS. Of course, the EGFR mutation subtype alone does not explain the differences in sensitivity to EGFR TKIs. Many other factors, such as EGFR gene copy number, signaling from other ErbB families, and epithelial-to mesenchymal transition status, could contribute to the sensitivity and development of resistance to EGFR TKIs. In addition, further clinical studies are warranted to conclusively define the role of EGFR mutation subtype as a predictive factor in EGFR TKI therapy. Nevertheless, the EGFR mutation subtype should be considered when making treatment decisions or designing new clinical trials for chemotherapy-naïve, EGFR mutation-positive patients with advanced NSCLC.
